With the enlarging of industrial desulfurization, the amount of FGD gypsum is increasing rapidly. The preparation of alpha-calcium sulfate hemihydrate (α-HH) is one of the biggest concerns for FGD gypsum reclamation. The influence of mixed chlorate solution of Mg-Ca-Na concentrations (5-30 wt%) and FGD gypsum concentrations(5-30 wt%) by hydrothermal salt solution method at atmospheric were investigated at temperatures (75-99°C) within a reaction time of 4h and a pH value of neutral. The results showed that 20 wt%, 20 wt% and 97°C was respectively optimal parameter of salt media concentration, FGD gypsum concentration and temperature. Products obtained from the dehydration process of optional experimental conditions with mixed crystal modifier were characterized based on relevant standards in this study. The results showed that α-HH had integrity crystal structure, 2h flexural strength and oven dry compressive strength were 5.34MPa and 30.21MPa, which had meet the industry standards of α30 grade.
Introduction
In China, the characteristic of energy resources structure means that the coal is the main energy. Actually, the fuel has been surveyed with a high sulfur content and its massive application has contributed to heavy emissions of sulfur dioxide (SO 2 ). To meet Clean Air standards, the local government stipulates that coal-fired flue gas disposed with desulfurization can only be emitted into the atmosphere. Currently, the wet limestone-gypsum method has become a leading technology in the field of pollution prevention of flue gas, which results that the amount of flue gas desulfurization (FGD) gypsum has been increasing rapidly [1] [2] . Viewed from the resource recovery, it is desiderated to seek new technologies of FGD gypsum utilization. It is proved that FGD gypsum can be used to produce the high-strength gypsum which is treated as a green building material [3] [4] . The high-strength gypsum, consisted of α-calcium sulfate hemihydrates (α-HH), is known as its better workability and high strength values and widely used in precise molding, arts and crafts, ceramic mould and dental materials and so on. This research area has strong theoretic significance and practice value in the construction industry.
Generally, the production of α-HH contains two ways, such as the autoclave method and hydrothermal method [5] [6] , and the latter is proved to be more economic and easily controlled. Based on this point, this research, providing theoretical basis for actual industrial applications, is aimed at exploring technological conditions of hydrothermal salt solution method at atmospheric pressure by single factor experiment.
Experimental
Materials. FGD gypsum is derived from a coal-fired power plant in Wuhan. The chemical compositions of the raw material is presented in Table 1 . The XRD pattern( Fig. 1 ) represents that the raw material is almost calcium sulphate dehydrate(DH). The pattern analysis diagram (Fig. 2 ) shows the crystal shape of FGD gypsum is anomalous. According to the experimental result, the crystal water content and free water content were respectively showed as 19.14 wt% and 9.95 wt%. Other reagents such as NaCl, CaCl 2 , MgCl 2 , HCl, NaOH, disodium EDTA and Al 2 (SO 4 ) 3 were all analytical reagent grade.
In this research, the salt media was set as the mixed chlorate solution of Mg-Ca-Na, and the radio of mass concentration was MgCl 2 :CaCl 2 :NaCl=25:5:1. 0.5 wt% disodium EDTA and 1 wt% Al 2 (SO 4 ) 3 were used as mixed crystal modifier in the dehydration reaction. Methods. The dehydration experiments were performed in a 250 mL three-necked and round-bottomed flask equipped with a thermometer and a glass condenser, which was separately used to control the constant temperature and maintain balance of the salt solution system [7] . Firstly, the salt media with different concentrations (5 wt%, 10 wt%, 15 wt%, 20 wt%, 30 wt%) in the reactor was stirred with a Teflon stir bar for 30 min at a appropriate speed and preheated to the given temperature (75°C, 80°C, 85°C, 90°C, 97°C, 99°C). Secondly, the raw material with mass concentrations varying from 5 wt% to 30 wt% and some crystal modifier were added slowly and the pH value was regulated to be neutral by addition of some HCl or NaOH. Thirdly, the slurry was detached after a fixed time (4h), quickly washed 3 times with boiling water and then rinsed with anhydrous alcohol. Fourthly, the separated solids were dried to constant weight at 45°C in the vacuum drier.
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The dry samples were characterized as follows: the crystal water was tested referring to the national standard(GB/T 17669.2-1999, Gypsum plasters -Determination of water of crystallization content), phase constitution was examined by X-ray diffraction (XRD, XD-98) with Cu/Kα radiation at a scanning rate of 2°/min in the 2θ ranging from 5° to 85°, and crystal morphology was experimented by scanning electron microscope(SEM, Quanta 200). Moreover, hydration products of the solids were characterized as physical properties (initial and final setting time) (GB/T 17669.4-1999, Gypsum plasters -Determination of physical properties of pure paste) and mechanical properties (2h bending strength and dried compressive strength) (GB/T 17669.3-1999, Gypsum plasters -Determination of mechanical properties).
Results and Discussions
The influence of different salt media concentrations. At the terms of different salt media concentrations (5 wt%, 10 wt%, 15 wt%, 20 wt%, 30 wt%), the different crystal water contents of the products are presented in Fig. 3 . Based on chemical formulae, theoretical crystal water content of pure DH is about 20.91 wt%, while pure α-HH is 6.21 wt%. Fig. 3 indicated that DH cannot translate to α-HH when the concentration was inferior to 15 wt%, and the main products were DH ( Fig. 4 , XRD patterns of dehydration products). As the salt concentration increased to 20 or 30 wt%, the crystal water content decreased to the values approached to 6.21%. However, Fig. 7 reacted there would be generating many impurities when the concentration exceeded to 20 wt%. Generally, the feasible salt media concentration was identified as 20 wt%.
According to correlational studies, the difference of the solubility in the water between DH and α-HH determines whether FGD gypsum can translates into α-HH or not [8] . When there are few salt ions in the solution, they will promote the dissolution of DH and α-HH simultaneously, which results these two phases have close solubilities and thus restrains dehydration reaction. As the increasing of salt ions, the periods that DH and α-HH reach supersaturation are shorten and the latter shortens more. That is to say, the solubility difference presents expanding tendency and α-HH crystals are precipitated ultimately. The influence of different temperatures. At the terms of different temperatures(75°C, 80°C, 85°C, 90°C, 97°C, 99°C), the different crystal water contents of the products are presented in Fig. 5 . We can easily have the conclusion that the temperature is a key factor in the reaction. Solubilities of DH and α-HH are both decreasing with the increasing of temperature, and they are stay the same as the temperature being 97°C. It is speculated that DH appears instable and could dehydrated into α-HH at this condition. In terms of chemical reactions, reaction rate keeps positive correlation with temperature. Only temperature achieves to a certain degree, can the reaction proceed successfully. Nevertheless, excessive temperature not only lowers efficiency, but also adds energy consumption. Fig. 5 showed that ideal products could be generated as the temperature keeping above 90°C. To prove this phenomenon, XRD patterns of the samples were examined and compared (Fig. 6 ). There was almost no α-HH when the temperature was under 90°C. In the test of 97°C, peak's intensity of product was obviously higher than that of 99°C, where we could conclude the former had more complete crystal shape. In order to get the best product with reducing energy consumption, the reaction temperature was set as 97°C. The influence of different FGD gypsum concentrations. At the terms of different FGD gypsum concentrations (5 wt%, 10 wt%, 20 wt%, 30 wt%), the different crystal water contents of the products are presented in Fig. 7 . From Fig. 7 , we could know that raw material's concentration had little effect on the dehydration process and crystal water value of products fluctuated in a certain range of 6 wt%. Moreover, the final dehydrations were mainly α-HH which was confirmed in the pattern (Fig. 8) .
For the sake of industrialization, choosing proper concentration is necessary and economical. If there were few raw materials in the system, the volume of production couldn't meet practical demands. However, too many materials would aggravate the slurry's thickness, strengthen mass transfer resistance and harm crystal's growth and development. As a whole, 20 wt% was selected as the optimum FGD gypsum concentration value. Characterization of α-HH product at the best reaction conditions. On the basis of the best parameters obtained by single factor method(the salt media concentration was 20 wt%, the temperature was 97°C, FGD gypsum concentration was 20 wt%, the time was 4h and the pH value was neutral ), mixed crystal modifier (0.5 wt% disodium EDTA and 1 wt% Al 2 (SO 4 ) 3 ) were added into the slurry to prepare α-HH with superior performances. Compared to the industrial standard (JC/T 2038-2010, α-High strength gypsum palster), products' physical and mechanical properties were exhibited in Tab. 2, and the crystal morphology was showed in Fig. 9 . Fig. 9 illustrated the fact that α-HH products with stubby columnar shape, low porosity and low length/width ratio were obtained in the experiment. Based on Tab. 2, the products presented good performance with short setting time and high strength, which met industry standards of α30 (α-High strength gypsum palster 30 R). 
